Results: The distribution of non-classical cases was comparable between groups. There were some differences between the surgery and non-surgery groups at pre-surgical investigation including laterality of discharges, level of language impairment and age, therefore follow-up analyses focused on change over time and predictors of outcome. There were no statistically significant differences between the groups in language, non-verbal ability, adaptive behaviour or quality of life at follow-up. There was no difference in the proportion of patients showing improvement or deterioration in language category over time for either group. Continuing seizures and an earlier age of onset were most predictive of poorer quality of life at long-term follow-up (F2,23 = 26.2, p=<.001, R2= .714).
INTRODUCTION
Historically, patients with proven seizure onset within cortex serving eloquent function have been considered poor candidates for resective surgery in view of the high risk of devastating neurocognitive sequelae. Morrell and colleagues 1 proposed multiple subpial transection (MST) as a solution. This surgical procedure aims to preserve the functional capacity of eloquent cortex (presumed to be served by longitudinal fibres) while eliminating electrical discharge and spread (facilitated by horizontal fibres). It is difficult to establish the efficacy of MST in childhood epilepsy, as there are many methodological issues that may account for variability in results including the fact that MST is usually used as part of resective procedures 2 and children are often combined with adult populations in small case series. 3, 4 The efficacy of MST in adults appears to be supported by a growing body of research. [5] [6] [7] However, its effectiveness in the treatment of the developing brain has not been as readily established. 8 Landau-Kleffner syndrome (LKS) is commonly associated with electrical status epilepticus during sleep (ESES) of centro-temporo-parietal origin and marked by a languageled regression between the ages of two and seven years. 9, 10 It is often accompanied by behavioural changes such as hyperactivity, impulsivity, aggression, and symptoms of autism. [11] [12] [13] [14] The epileptiform activity integral to a diagnosis of LKS tends to remit in the second decade of life and there is often some neurocognitive recovery though many are left with permanent deficits. 15 These persistent neuropsychological deficits associated with LKS are considered to be the most debilitating aspect of this disorder 16 and appear related to an earlier age of onset and a longer period of ESES. 12, 17 18 noted that the children assessed the longest time after surgery showed the greatest gains on standardised tests. Given that LKS often is a remitting disorder it has been suggested that post-operative improvements could be attributed to the natural recovery of the condition. 19 Utilisation of a non-surgery comparison group would be particularly important
given that LKS presents with a fluctuating course, the long-term outcome of LKS is variable and a proportion of patients with a previously refractory presentation show good recovery over time without surgical intervention. 12 We report on children who have undergone MST as part of their management of LKS and ESES related regression, and for the first time, compare their outcome to a comparative group who underwent pre-surgical investigations but did not proceed with MST. Here we compare language, cognitive, quality of life, and functional and behavioural outcomes. The primary aim of this study was to determine whether MST has an impact on long-term outcome in children who have drug-resistant LKS or other ESES related regression, and
given the wide variability in outcomes reported in the literature, a secondary aim was to explore predictors of outcome. 
Neurodevelopmental assessment procedures
Due to the nature of clinical data collected over time and also the wide variability in ages and ability levels of the population, a combination of language and cognitive assessment scores (completed by speech and language therapists and clinical psychologists respectively) were used and the assessments used prior to surgery and at follow-up sometimes varied (see appendix 1 for full list of assessments). Language scores focused on oral language skills and were calculated based on a total standard score (including performance on expressive and receptive language subtests), where this was unavailable language quotients based on both expressive and receptive language levels were calculated (language age equivalent score/ chronological age x 100). Non-verbal scores were standardised scores from Wechsler scales of intelligence (performance or perceptual reasoning indices), unless children were unable to access age appropriate measures, in which case developmental quotients were calculated.
Language and non-verbal ability were categorised into ability ranges based on the ICD-10 cut-offs for cognitive impairment. 21 In addition to the available clinical data, at follow-up parents were interviewed with the Vineland Adaptive Behaviour Scales-II (VABS-II) 24 as a measure of adaptive skills in communication, daily living skills and socialisation. As the language assessments focused on oral language skills and a proportion of the sample are proficient in sign language, the VABS-II communication scale questions were adapted based on the individual's best mode of communication (either signed or oral). The Pediatric Quality of Life Inventory (PedsQL™) 25 was used as a measure of quality of life at follow-up. The self-report version was used when the young person was able to complete a questionnaire, otherwise the parentDownes 2 7 report version was used. A telephone interview was also carried out to collect information on medical, educational, and psychosocial outcomes.
Additional surgeries and complications
One surgical patient underwent a combined right temporal lobectomy as well as MST. He 
Statistical Analysis
Pre-surgical differences in language and non-verbal skills were investigated, using Fisher's exact, Chi-square, and Mann Whitney U tests. Post-surgical differences between groups in seizure outcome, medication, neurocognitive assessment, adaptive functioning, sign language outcomes, behavioural improvement, special education outcomes and quality of life were investigated. Group differences in demographic, neurocognitive and adaptive functioning were tested using Mann Whitney U tests for continuous outcomes and Fisher exact tests or Chi-Square for categorical outcomes. 
RESULTS
Of the total sample of 35 patients, 14 underwent MST. Patients in the non-surgical group did not proceed with surgery due to lack of clear localisation of epileptiform activity (n=9), language ability considered to be too good (n=3), parental decision (n=2) and observed improvements (n=7; the pre-surgical evaluation for this historical cohort often took over a year, giving time for natural recovery to occur).
Group matching and pre-surgical investigations of neurocognitive ability
When language categories were assessed, there was a statistically significant difference between the surgery and non-surgery groups on baseline testing, with the surgery group showing lower scores; however there were no differences between the two groups on nonverbal functioning. There was also a significant difference in age at time of pre-surgical assessment with younger children more likely to undergo surgery although there was no group difference in the age of presentation of language regression. A significant difference in laterality of discharges was also observed between the two groups at baseline, with nonlateralising cases in the non-surgery group, but not in the surgery group, evidence of a lateralised focus being a requirement for surgery. There were more children in the surgery group who were considered to have difficulties in attention and hyperactivity at baseline but this did not reach significance.
Thirty-two participants had available data at short-term follow-up (less than five years following baseline investigations). For those who did not have available data after this time frame, short-term follow-up data were also taken to be their last available outcome only if data collection occurred more than 18 months following the baseline assessment.
Neurocognitive outcome
There was a large degree of variability within both groups for both language and non-verbal functioning (see appendix 2 for selected individual case examples and appendix 3 for individual descriptions of whole sample). Group-wise, there were no significant differences in seizure or ESES outcomes between the surgery and non-surgery groups at follow-up.
There were also no significant group differences in general language functioning, communicative ability, and non-verbal categories. An improvement in language category was seen for 3/13 of the surgery group and 7/20 of the non-surgery group, no change in category was observed for 7/13 of the surgery group and 10/20 of the non-surgery group, while deterioration in language category was found for 3/13 of the surgery group and 3/20 of the non-surgery group. There were no significant difference in changes in language categories over time between groups (p=.714). Of the children with language ability in the average range across both groups at follow-up (n=5), all had a classical LKS presentation, one underwent MST, none had evidence of continuing seizures, and all of them had their final follow-up longer than five years after baseline assessment.
There were no significant differences between groups in quality-of-life scores or in the parent-reported domains of communication, daily living, and socialisation skills on the VABS-II (Fig. 1) at follow-up. Stepwise regression analyses across groups, showed that seizures at follow-up (β=-.78) and a younger age at regression (β=.27) were the strongest 
DISCUSSION
This study aimed to investigate potential differences in the long-term outcome of patients with LKS and ESES related regression following MST in the temporal lobe compared to a non-surgery group of similar patients who were also considered for MST but did not proceed to surgery. We have shown that at long-term follow-up the surgery and non-surgery groups showed no significant differences on any measure. Parent-reported quality of life at follow-up was mainly predicted by continuing seizures and a younger age at regression, which is consistent with the findings of other follow-up studies of childhood epilepsy disorders. 26 The outcome results do not support the conclusion drawn by Grote et al. 18 that MST may support restoration of language abilities in children with LKS. The language ability seen in some children within our surgery group were not dissimilar from those seen in the nonsurgery group. The proportion of patients showing improvement or deterioration in language ability over time was similar for both groups, suggesting that there was no demonstrable effect of MST in comparison to the group who did not have surgery. However, whilst the surgical patients do not outperform the non-surgery group in any particular domain at followup, a potential benefit in the surgical group who had a more severe language presentation at baseline cannot be excluded. The current findings in the classic LKS group are consistent with other reports of improvements in language and behaviour during the recovery phase of the condition, but with some degree of language impairment of varying severity in most at longer term follow-up.
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There was great inter-and intra-individual variability in language and non-verbal functioning within both groups across time points. This can be explained by the nature of LKS and other ESES related regression where fluctuations in ability during the active phase are commonly observed. Greater caution is therefore required when interpreting individual scores at specific time points, particularly during the active phase. The variability in individual patient outcomes is in line with previous research findings. 12 It is also important to note that whilst oral language difficulties are a core presentation of LKS, the condition can have a wide reaching impact and some children and young people are able to compensate well using sign language. 28 Thus, reliance on oral language outcome measures alone may be misleading in terms of actual functioning and quality of life. Due to the varied and fluctuating nature of this disorder, it is difficult to predict the trajectory of development during or after the active phase of the disorder. The variability of outcomes is demonstrated by sample cases as summarised in appendix 2.
This study had several limitations, including the relatively small sample size and the nature of clinical data collected at varying ages and timepoints, and so results need to be interpreted with caution. Nevertheless, the rarity of this heterogeneous population who experience symptoms severe enough to be considered for MST means that the data on the patients presented span two decades. As these longitudinal data span many years, the psychometric tests used at follow-up were not always the same version or the same task, which may have resulted in systematic changes in assessment scores. However, unlike previous studies of MST in LKS, a non-surgery comparison group was included in this study in order to attempt to control for the effect of these potential confounds. The non-surgery group differed in some aspects, including higher language levels at baseline. This in part reflects the language criteria for surgery employed by our centre, but is also the result of some patients not proceeding to surgery as they were showing signs of improvement. This Downes 2 12 may have been a corollary of the length of time taken to complete the evaluation process and indirectly led to the surgery group being more severe. The non-surgery group also differed from the surgery group in laterality of discharges, with non-lateralising cases in the nonsurgery group, but not in the surgery group as a unilateral focus was a requirement of surgery.
This may reflect currently unknown differences in aetiology such as genetic causes or subtle differences in brain structure.
In conclusion, this study finds no statistically significant differences between groups at long-term follow-up. Due to the limited power in the study, the extent to which these findings can be interpreted is limited. However, overall the findings indicate that there is insufficient evidence that MST in LKS and ESES related regression produces substantial benefits over and above the recovery seen in patients who do not receive surgery. Values given as Mean (SD) unless otherwise stated.
SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article: Table S1 . Validated measures used to acquire language and non-verbal scores Data S1. Case Summaries 
